There have been few morphometric studies on the size of the motoneurons of the human spinal cord. The purpose of the present study is to report the differences in the size of the motoneurons between males and females in the human spinal cord. We examined numbers and transverse cell body areas of the motoneurons of the anterior horn using 16 male and 21 female human spinal cords at levels C5 and L3. The sizes of the motoneurons were larger in males than in females, but their numbers were practically the same. These results can be of great importance in setting standard values for the understanding of morphological and functional correlations.
Summary:
There have been few morphometric studies on the size of the motoneurons of the human spinal cord. The purpose of the present study is to report the differences in the size of the motoneurons between males and females in the human spinal cord. We examined numbers and transverse cell body areas of the motoneurons of the anterior horn using 16 male and 21 female human spinal cords at levels C5 and L3. The sizes of the motoneurons were larger in males than in females, but their numbers were practically the same. These results can be of great importance in setting standard values for the understanding of morphological and functional correlations.
There have been several reports on the number of the motoneurons3, 6, 9, 10, 15, [17] [18] [19] [20] in the human spinal cord, but very few on their size10, 11, 16, 19, 20) . These studies have dealt with the differences in number and size at different levels, or on the atrophic changes that take place during the aging process. There have, however, been no reports on the morphometric differences between males and females. The present study is the first to be conducted on the number and size of the motoneurons in the human spinal cord from the viewpoint of sexual dimorphism.
Methods
We examined 37 human spinal cords which had been removed from cadavers (16 males and 21 females) for anatomic dissection. The age at death ranged from 59 to 97 years old for males (mean: 77.06 + 11.70) and from 59 to 92 years old for females (mean: 75.95 + 8.79). The causes of death were not related either directly or indirectly to the central nervous system, and no pathologic changes were found in the spinal cord on microscopic examination. The spinal cords in our study were therefore considered to be normal. For fixation, 10% formalin (3.7% to 4.0% formaldehyde) was injected through the femoral artery using a pulsation pump; blood was drained through the bilateral femoral and jugular veins. The spinal cord was removed en bloc together with the meninges including the dura mater and placed in a 10% solution of formalin. This was followed by secondary fixation with a mixed solution of 5% potassium dichromate and 5% potassium chromate (1 :4 in volume) for 3 weeks. Tissue blocks from C5 and L3 segments of the spinal cord were washed in running tap water, dehydrated with alcohol, embedded in celloidin, cut transversely into 20 pm-thick sections, and stained with the Luxol fast blue-periodic acid-Schiff-hematoxylie method for the purpose of measurements, and Luxol fast blue-cresyl violet (Kliiver-Barrera) method for the purpose of general observations.
For the measurement and analysis of sections , a combination of an electronic optical planimeter (Crystizer a KC 3300, Graphtec Co, Japan) and a computer (PC-9821 V13, NEC, Japan) with our original program for morphometry was adopted to count the number of motoneurons on both sides and to measure the area of the transverse section of the motoneurons in Rexed's") laminae 8 and 9 at each section of the spinal cord from levels C5 and L3. The criterion governing the selection of neurons was that the nucleus had to contain a distinct nucleolus (diameter: 1 pm). The data were presented as mean and mean ± S.D. for the total. A comparison between males and females was made through t test analysis. In our study, the tissue shrinkage ratio during the preparation of sections amounts finally 10 ± 0% in length.
Results
The average morphometric values of the number and transverse area of the motoneurons in the anterior horns of the spinal cord at levels C5 and L3 in different decades of life are listed in Tables 1 and 2 .
Number of Motoneurons
In our study, the number of motoneurons having a nucleolus in the nucleus of the human spinal 843.32 iim2 to 1,738.66 p.m2 (mean: 1,253.26 ± 216.40 p.m2) in females. At both levels C5 and L3 there were significant differences between males and females (Table 2 ; Figures 3, 4) .
Discussion
Many researchers have reported that the spinal cord undergoes reduction in size with increasing age. Bailey') mentioned that the atrophic changes were not particularly striking in his series and he further noted that other factors, such as height, weight, and bone structure, must be considered. But he didn't mention gender. Kameyama et al.') measured the area of the transverse section in 80 specimens obtained from patients who died between 60 to 79 years old, without spinal cord lesions. They found a direct correlation between the size of the spinal cord and body height, although not with body weight. A significant decrease in the area of the transverse section of the spinal cord was observed after 80 years of age. This was caused by a decrease in the size of the white matter").
There have been few morphometric studies of the motoneurons in the anterior horns of the spinal cord. It should be noted that results of this study on aging are in general agreement with the report by Tomlinson et al.") In their study, forty-seven spinal cords were examined at lumber segments from subjects between 13 and 95 years old. No evidence of loss of motor neurons was found up to the age of 60. But, there is increasing evidence of loss of motor neurons after that age. Cell loss appeared to be uniform throughout all the segments and not to be accompanied by any other striking morphological change. After research at level C6 of the human spinal cord in twenty-four male cadavers, aged from 41 to 97 years old without any accompanying pathological changes of the spinal cord, Zhang et al.") showed that a reduction in number and size of anterior horn cell in the human spinal cord is associated with the neuronal degeneration and the loss of motor neurons during the aging process. In addition, a reduction in the number of motoneurons may be related to muscle atrophy, although the mechanism for these age-related changes is complex and may involve different levels of the neuromuscular systee'").
The degenerative alterations of muscle fibers are considered to be due to central (regressive changes or loss of motoneurons) or peripheral (degeneration of muscle fibers) changes or both4). Since samples of the upper limb muscles were not routinely taken for histology, it is not possible to state whether or not loss of motoneurons, even if severe, is always accompanied by an evidence of neurogenic atrophy in the arm muscles. In our previous paper"), we measured the numbers and sizes of cervical large motoneurons from 7 males cadavers. The results showed a difference in number, average area and total area of the motoneurons between C1-C3 and C4-C7 levels. We noticed that levels Ci to C3, which control the smaller neck muscles, contain fewer neurons than levels C4 to C8, which control the larger arm muscles. A similar correlation seems to appear between muscle size and the size of the related motoneurons. According to a study by Setoyama et al.") on the motor trigeminal nucleus in the brains of an alligator, a human being and a rat, the average area of motor trigeminal neurons is the largest in the alligator, compared with the human being and the rat, but the number of neurons and the column volume of motor trigeminal neurons is the largest in the human being. The authors suggested that the size of motoneurons might be related to the power of masticatory muscles. Therefore, the size of the spinal cord, as well as both the number and size of motoneurons, may depend on such factors as height, weight, bone structure, age, segmental levels or muscle size.
Morphologic studies, such as the present one, can only give approximate numbers for a and y motoneurons from the shape and size of cell bodies. However, our study, as reported in the results section, showed that, as far as the size of motoneurons is concerned, there is a marked difference between males and females: the motoneurons are large in the former than in the latter. It is tempting to speculate that the larger size of motoneurons in males is the reason for the greater size and strength of male muscles. Unfortunately, we could make no precise observation on muscular mass in males and females in this study. Of course, everybody knows that there are some real physical difference between males and females.
In general, most males are stronger than females, are taller and run faster . But further study is necessary to find precise data on muscular size and the composition of muscle fibers to connect them to the size and shape of motoneurons. However, our results can be of importance in setting standard values for the understanding of morphological and functional correlations.
